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É�Ì³�ÄnÌf¿�Á�hv]�ÂÌ��Ä]� ÄmÂe� Z]&20(�µZ¨�Y� �{¹Zn¿Y� {| f»�cZ ·Z�»� �Á�� Ze� {Â��Ê»ÉY�]� |Ë|m�ÊWÁ�Y{� ½Z»�{�ÉZÅ&20(� {Â��Y|Ìa�½Â·Á�Ì¿{�a�Ä¯�½Y�Z¼Ì]��Y�ÊÅÁ�³���Zu�Ä ·Z�»��{|¿{�¯� d§ZË�{� ¾Ì¸Ì�� Ê�¯Â»M� Z]� ÃY�¼Å��Y� �f�Ì]� �]Y�] ¾Ì¸Ì��Ê�¯Â»M�Ã|ÀÀ¯�d§ZË�{�ÃÁ�³,|Àf§ZË�{Â^Æ]��������{ ¶]Z¬»������Zu� Ä ·Z�»Ã|�� ¹Zn¿Y� �Ì·Z¿MZf»� Ã|ÀÀ¯|ÌËZe ��Âe5RVHQIHOG�{Â^Æ]� ½Y�Ì»� Ä¯� |�Z]�Ê»��Y�� �]Y�]d�Y�Ã{�¯���Y�³�|ÌWÁ�f�Y�Ã|ÀÀ¯�d§ZË�{�ÃÁ�³�ÉY�]����  ·Z�»È|ÀÀ¯�|ÌËZe� ��Zu�Ç��Âe� Ã|��¹Zn¿Y�cZ ·Z�»�lËZf¿� 6FKZDUW]����,3RGRVKLQ�����Á0DQGHO����Ê»Ä¯�|�Z] �Y�É|Ì¨»�lËZf¿|¿Y� Ã{�¯���Y�³� ZÅ|ÌWÁ�f�Y�Z]� {Z�e� �{�Á cZ ·Z�»��Âe�Ã|��¹Zn¿Y/DPEHUWÁ�0DFNLQ�Á-RQHV���� Ê»��Y�³� ZÅ|ÌWÁ�f�Y� �Y� Y�� É|Ì¨»� �iY� pÌÅ� Ä¯� |�Z]Ã{�°¿|¿Y��ËZ��Z]���Zu�Ä ·Z�»��{�Ä¯�ÊÆmÂe�¶]Z«�¥ÔfyYÊ»�½Y�Z¼Ì]�{Â^Æ]�½Y�Ì»���¿��Y�{�Y{�{ÂmÁ�cZ ·Z�»|�Z]��{
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½Y�Z°¼Å�Á�Ê»Y�³��f¯{

Ã|°�¿Y{�Ä¸n»��½ÔÌ³�Ê°��a�¹Â¸��ÃZ´�¿Y{�Ê°��aºÅ{�Ì��µZ�Ã�Z¼�����ZÆ]����O���

£YÃ|��¹Zn¿Y�cZ ·Z�»�\¸,ÃÁ�³��{�ºÅ�É�eÓZ]�{Â^Æ]�½Y�Ì»ÃÁ�³� �{� ºÅ� Á� ®ÌeÂÌ]� Êf¿M� Z]� |ÌWÁ�f�Y� Ã|ÀÀ¯� d§ZË�{Êf¿M� Ã|ÀÀ¯� d§ZË�{d�Y� Ã|����Y�³� ®ÌeÂÌ]{Â^Æ]� ½Y�Ì» �������d§ZË�{� ÃÁ�³� ÉY�]� ¦¸fz»� cZ ·Z�»� �{Ã|ÀÀ¯ d�Y� Ã|�� �¯}�®ÌeÂÌ]�Êf¿M� Z]� |ÌWÁ�f�Y����]� cÁZ¨e� ¾ËYÄ Ê»� ��¿]� Ä¯� |��Ä�Ìz�e� ¹|�� �Y� Ê�Z¿� Ã|¼�� �Â� Ê»�É�Z¼Ì]���{Á�|�Z]�Ä mY�»�½Y�Z¼Ì]�\¸£Y¾ËY�Ä]� Ã|ÀÀ¯ c|»�ÉY�]��¯�»Äf�Y{� Y��É�Z¼Ì]�ZÅÅZ³�Á�|¿YÊÄ]�½Z»��¾ËY� �Y��Ì]���Ê»� µZ��|Ì���cZ ·Z�»� �ËZ�� �{� Ä¯�Ê·Zu� �{�Y�«� ½Z»�{� dve� Á� Ã|�� Ã{Y{� �Ìz�e� �e{Á�� ½Y�Z¼Ì]f§�³Ä|¿Y�Ê»� {Â^Æ]�½Y�Ì»� �{�¥ÔfyY�¾ËY�]ZÀ]d¸��Ä]�|¿YÂe|�Z]� Ä ·Z�»� ¾ËY� �{� É�Z¼Ì]� ¹ÁZ¬»� {�YÂ»� ¾f§�³� �Y�«¶¸� Ê»��Ì¿��´Ë{¾ËY�Ä¸¼m��Y�Ä¯�|À�Z]��iÂ»�{�Â»�¾ËY��{�|À¿YÂe�Á{� ½{Â]� º¯� �,Á�Y{� tÌv��¥��»� ¹|�� Ä]� ½YÂe� Ê»� ¶¸�ZÅÁ�Y{� �ÌiZe� Á� Á�Y{��a�ºÅ� Á�¾Ì¸Ì��Ê�¯Â»M� ºÅ½Â·Á�Ì¿{ {Â]�½Y�ËY�dyZ��{�¯�Ã�Z�Y�

É�ÁM{ZË{Â��Ê»Ã|�� ¹Zn¿Y� cZ ·Z�»� \¸£Y� |À¿Z»� Ä¯���� ���ZÈÊf¿M� Á� |ÌWÁ�f�Y� \Ì¯�e� Z]� ½Z»�{� �Y� ÊÆmÂe� ¶]Z«�ZÆÀe�Á�|�¿�Ã|ÅZ�»�®ÌeÂÌ]��Y��Z¼Ì]����fz»�{�{��Z¼Ì] ÊaY]�Á�Y{�¥��»��Y| ]�Y���f�Z³Äd«Â»�c�Â�|¿{�¯��¯}� ¬¬v»� \¸£YZ½Z»�{� �{� ºÅ� ,ZÅ|ÌWÁ�f�Y� Ä¯� |¿�Y{� Ã|Ì¬�� ½�{�ºÅ�Á�|¿�Y{� Y��Ê¿Z«Â§�Ê�¨Àe�ÃZ´f�{�É��·M�Ä¯�Ê¿Y�Z¼Ì]|¿�Y|¿�Y��½M�Ä¯�Ê¿Y�Z¼Ì],Ê»��iÂ»|�Z]���� ·Z�»��{È��Zu� »� Ã|Ì¬�� ¾ËY� �Ì¿Â��¿� {�d�YÉ��·M� Ä¯� Ê¿Y�Z¼Ì]� ½Âq�|¿|��¥~u�Ä ·Z�»��Y�|Àf�Y{�Y��Ê¿Z«Â§�Ê�¨Àe�ÃZ´f�{� �» ·ZÈ�iY� Ã|ÀÀ¯� |ÌËZe� Ê¸^«� cZ ·Z�»� �j¯Y� |À¿Z»� ��Zu�®ÌeÂÌ]� Êf¿M� Z]� ÃY�¼Å� ZÅ|ÌWÁ�f�Y½Z»�{� �{� ZÅ&20(� Ê»Ê¿Z»��Ze�ZÅ|ÌWÁ�f�Y�ÃÂ¬·Z]���YÂ��Ä]�ÄmÂe�Z]�Ê·Á�|�Z]¾ËY� ¦¸fz»� {Z ]Y� ½{�¯� ¾�Á�� dÆm� �f�Ì]� cZ ·Z�»� Ä¯d�Y� Ã|�¿� ¹Zn¿Y� ½Z»�{,{Z¨f�YÇÄÌ�Âe� ½M� �Y� µÂ¼ »� ��Ê¼¿{Â�Ä¸¼m�YÊ¸WZ�»Ä¯{Â��¾�Á��|ËZ]�É| ]�cZ ·Z�»�{Ê»�Á�Y{��Á���½Z»��Á�¹Á�·�{�Â»�ÉÁ�Y{��Y|¬»�¶«Y|u|�Z]�
�]ZÀ»��� %OXHVWRQH� &'�� 2WLWLV� 0HGLD� ,Q� ,QIRQWV� DQG�&KLOGUHQ�� �UG� HG�� 3KLODGHOSKLD��:�%� 6DXQGHUV�� ���������������0DZ�$�5��$WLWLV�0HGLD�ZLWK�(IIXVLRQ�� ,Q��.HUU�$�*�� %URZQ¶V�� 2WRODU\QJRORJ\�� �WK� HG�� %XWWHUZRUWK��+HLQPDQQ��������������� ���������� *DWHV� *$�� $FXWH� 2WLWLV� 0HGLD� ZLWK� (IIXVLRQ�� LQ��&XPLQJV� &:�� )UHGULFNVRQ� -0�� .DUNHU� /� $��2WRORU\QJRORJ\� +HDG� DQG� 1HFN� 6XUJHU\�� �UG� HG���3KLODGHOSKLD��0RVE\������� ���������� 0LFKDHO� 0�� 3DSDUHOODV� 02�� 2WLWLV� 0HGLD� ZLWK�(IIXVLRQ�� ,Q�� 3DSDUHOOD� 2WRODU\QJRORJ\�� �� UG� HG��3KLODGHOSKLD��:�%�6DXQGHUV�������������±�����

��5LFKDUG� 0�� 50�� 0DQGHO� (0�� %OXHVWRQH� &'��6\VWHPLF� 6WHURLGHV� IRU� 2WLWLV�0HGLD� ZLWK� (IIXVLRQ� LQ�&KLOGUHQ�� $UFK� 2WRODU\QJRO� +HDG� DQG� 1HFN� 6XUJ���������������������� 3RGRVKLQ� /�� )UDGLV� 0�� %HQ� '\�� 7KH� (IILFDF\� RI�2UDO� 6WHURLGV� LQ� 7KH� 7UHDWPHQW� RI� 3HUVLVWHQW� 2WLWLV�0HGLD� ZLWK� (IIXVLRQ�� $UFK� 2WRODU\QJRO� +HDG� DQG�1HFN�6XUJ���������������������5RVHQIHOG� 50�� 1RQVXUJLFDO� 0DQDJHPHQW� RI�6XUJLFDO� 2WLWLV�0HGLD� ZLWK� (IIXVLRQ�� -� /DU\QJRO� 2WRO���������������������/DPEHUW� 35�� 2UDO� 6WHURLG� IRU� &KURQLF� 0LGGOH� (DU�(IILVLRQ�� 2WRODU\JRO� +HDG� DQG� 1HFN� 6XUJ� ������ ����������
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|ÌWÁ�f�Y�½{Á�§Y��ÌiZe���

Ã|°�¿Y{�Ä¸n»��½ÔÌ³�Ê°��a�¹Â¸��ÃZ´�¿Y{�Ê°��aºÅ{�Ì��µZ�Ã�Z¼�����ZÆ]����O���

(IIHFW�RI�$GGLQJ�2UDO�6WHURLGV�WR�$QWLELRWLFV�LQ�
7UHDWPHQW�RI�&KURQLF�2WLWLV�0HGLD�ZLWK�(IIXVLRQ��

*HUDPL��+���6REKDQL�$5���.HLIDUL�$�
$EVWUDFW,QWURGXFWLRQ� &KURQLF� RWLWLV� PHGLD� ZLWK� HIIXVLRQ� �&20(�� LV� RQH� RI� WKH�PRVW� FRPPRQ� GLVHDVHV� LQ� RWRODU\QJRORJ\��7KH� PRVW� LPSRUWDQW� FRPSOLFDWLRQ� RI� &20(� LV� GHYHORSPHQW� GHOD\� RI� FRJQLWLYH� DQG� OLQJXLVWLF� VNLOOV� GXH� WR� KHDULQJ�ORVV�7UHDWPHQW�RI�&20(�LV�ERWK�VXUJLFDO�DQG�PHGLFDO��%HFDXVH�RI�WKH�KLJK�FRVW�RI�RSHUDWLRQ�DQG�LWV�FRPSOLFDWLRQV��PDQ\�VWXGLHV� KDYH�EHHQ�GRQH� WR� UHSODFH� LW�ZLWK�PHGLFDO� WKHUDS\��2UDO� VWHURLGV� DUH� RQH� RI� WKH�PRVW� LPSRUWDQW�GUXJV�ZKLFK�DUH�VWXGLHG�IRU�WUHDWPHQW�RI�&20(�2EMHFWLYHV� 3XUSRVH�RI� SUHVHQW� VWXG\�ZDV� WR�H[DPLQH� WKH�HIIHFW�RI�DGGLQJ�RUDO� VWHURLGV� WR�DQWLELRWLFV� LQ� WUHDWPHQW�RI�RWLWLV�PHGLD�ZLWK�HIIXVLRQ�0DWHULDOV�DQG�0HWKRGV� 7KH�VWXG\�ZDV�FDUULHG�RXW�DV�GRXEOH� EOLQG�FRQWUROOHG�FOLQLFDO� WULDOV�DQG�HLJKW\�FDVHV�RI�������\HDUV� ROG�SDWLHQWV�ZKR�KDG� W\SH�%� W\PSDQRPHWU\� LQ�ERWK�HDUV�ZHUH�GLYLGHG� LQWR� WZR�HTXDO�JURXSV��)RUW\�SDWLHQWV�UHFHLYHG� RQO\� $PR[LFLOOLQ� �*URXS� ��� DQG� WKH� UHPDLQLQJ UHFHLYHG� $PR[LFLOOLQ� ZLWK� SUHGQLVRORQH�� �*URXS���7\PSDQRPHWU\�ZDV�UHSHDWHG�DIWHU� WZR�ZHHNV��7\SH�$�W\PSDQRPHWU\�LQ�ERWK�HDUV�ZDV�VXSSRVHG�DV�LPSURYHPHQW�DQG�WKH�RWKHU�IRUP�LQGLFDWHG�QR�LPSURYHPHQW�5HVXOWV� ,Q�*URXS�����RQO\���RXW�RI����SDWLHQWV������DQG�LQ�*URXS��������RXW�RI����SDWLHQWV���������ZHUH�LPSURYHG��7KHUH�ZDV�D�VWDWLVWLFDOO\�GLIIHUHQFH�LQ�LPSURYHPHQW�EHWZHHQ�WKH�WZR�JURXSV��3 �������ZKLFK�ZDV�JUHDWHU�LQ�JURXS���&RQFOXVLRQ� 7KH� UHVXOWV� RI� WKLV� VWXG\� FRQILUPHG� SUHYLRXV� VWXGLHV� DQG� VKRZHG� WKDW� WKH� FRPELQDWLRQ� RI� VWHURLGV�ZLWK�$QWLELRWLFV� KDV� D� JUHDWHU� HIILFDF\� WKDQ� DQWLELRWLFV� DORQH�� $W� WKH� VDPH� WLPH�� EHFDXVHV� RI� VWHURLGV
� SRWHQWLDO� DGYHUVH�HIIHFWV��WKHLU�URXWLQH�XVH�LV�QRW�DGYRFDWHG�XQWLO�JUHDWHU�VWXGLHV�ZLOO�FDUULHG�RXW�
.H\�ZRUGV��$FRXVWLF�,PSHGDQFH�7HVWV��$QWLELRWLFV��2WLWLV�0HGLD�ZLWK�(IIXVLRQ��6WHUHRLGV
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